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Summary
Using a before and after study design, we compared protocolised weaning from mechanical
ventilation with usual non-protocolised practice in intensive care. Outcomes (duration of mech-
anical ventilation, duration of intubation, intensive care stay) and complications (re-intubations,
tracheostomy, mortality) were compared between baseline (Phase I) and following implementation
of protocolised weaning (Phase II). Over the same period, we collected data in a second (reference)
unit to monitor practice changes over time. In the intervention unit, outcomes were longer
in Phase II compared with Phase I (all p < 0.005). When adjusted for admission APACHE II
score and diagnostic category, only intensive care stay remained significantly longer (p = 0.002).
There were significantly more tracheostomies in Phase II (p = 0.004). The reference unit
demonstrated no statistically significant differences in study outcomes or complications between
Phases. Protocolised weaning did not reduce the duration of mechanical ventilation and was
not associated with an increased rate of re-intubation or intensive care unit mortality.
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Mechanical ventilation is widely used as a method of
supporting organ function during critical illness [1]. As
this creates many adverse physiological and psychological
experiences for the patient, a primary objective is to
discontinue mechanical support as soon as the patient is
able to sustain spontaneous breathing safely [2]. In the
UK the process of discontinuing mechanical ventilatory
support (weaning) is normally directed by intensive care
unit (ICU) medical staff. Nurses’ engagement in this
process is dependent upon their experience, personal
preference and ⁄ or unit culture. The combined effect of
individual preference and variability in experience may
result in inconsistencies in weaning practice. Research
evidence indicates that the use of weaning protocols
improves outcomes, including reducing the duration of
mechanical ventilation [3–6]. One benefit claimed for
weaning using protocols is a more rapid reduction
of respiratory support resulting in reduced duration of
mechanical ventilation [4, 5]. Weaning protocols are
infrequently used in the UK and although several
publications [7–9] have addressed the scope of nurse-
directed weaning protocols, none has rigorously assessed
their impact upon weaning or ventilator management in
the UK. Our purpose was to develop and implement
protocolised weaning from mechanical ventilation and
evaluate the effect on patient outcomes.
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Methods
Ethical approval
The study was approved by the Research Ethics Com-
mittee of the Queen’s University of Belfast. When
patients could not provide consent, their next of kin were
formally approached and written informed assent was
obtained for their relative to participate in the study.
Study location and patients
The study was conducted over a 3-year period (2000–3).
The intervention unit and reference unit were general
ICUs within two university-affiliated teaching hospitals in
Northern Ireland (NI). Each ICU admitted critically ill
patients suffering from a wide variety of conditions, but
excluded postcardiac surgical patients, and each ICU was
managed by a team of consultant medical staff with
dedicated day- and night-time sessional commitment.
During Phase I of the study, the intervention ICU had 14
level three beds and admitted 536 patients per annum.
The unit was funded for 85 Whole Time Equivalent
(WTE) nurses. In Phase II, there were 15 level three beds,
559 admissions per annum and 100 WTE nurses. In Phase
I the reference ICU had six level three beds, 300
admissions per annum and 44 WTE nurses. In Phase II
there were no changes to these parameters except an
increase in ICU admissions to 350 per annum. Through-
out the study, in both units, there was at least one
ICU consultant present 10 h ⁄weekday and 5 h ⁄weekend
day. Both ICUs operated policies for sedation, antibiotic
use, nutrition and patient position. When sedation was
required, its administration was adjusted to achieve
prescribed targets on a sedation scale.
All mechanically ventilated patients over 18 years of
age who were expected to survive more than 48 h were
eligible for entry to the study. Patients were not included
for the following reasons:
• already enrolled in another research study;
• transferred into the unit having been ventilated for
at least 6 h in another ICU;
• transferred out to another ICU prior to being
extubated;
• consent ⁄ assent refused;
• death prior to any weaning attempt.
Study design
The study design was a non-randomised trial with an
intervention ICU and a non-intervention (reference)
ICU. It was not feasible to conduct a randomised
controlled trial because of the problems of likely
contamination caused by nurses’ engagement in both
experimental and control arms of the intervention in a
single unit. Therefore, we used a before and after study
design (intervention unit), and also collected data in a
reference unit over a similar time period to provide a
more rigorous design [10]. The purpose of the non-
intervention ICU was to provide an external reference
for general ICU practice changes over time, rather than
to provide a comparison with the intervention unit.
During Phase I, patients admitted to both units were
weaned according to usual practice for each unit. In
the intervention unit, Phase I data were collected from
January to September 2001. Data collection was
suspended for the period September 2001 – April
2003 to allow for the appointment of a Critical Care
Nurse Consultant to oversee the management of
protocolised-weaning, the development and implemen-
tation of protocols and staff training. Following imple-
mentation of protocolised weaning, Phase II data were
collected from April to December 2003. Reference
unit data were collected continuously from May 2001
to December 2003. As there was no change imposed
in the reference unit, the mid-point in data collection
was used to designate the transition from Phase I to
Phase II.
The primary outcome measure was:
• the duration of mechanical ventilation (time, in hours,
from initiation of mechanical ventilatory support until
the permanent cessation of any form of mechanical
ventilatory support (this included any form of assisted
spontaneous breathing, but did not rule out Continu-
ous Positive Airway Pressure (CPAP) alone)).
Secondary outcome measures were:
• the duration of intubation (time, in hours, from
intubation to extubation (or time to the end of the
last period on CPAP in patients with tracheostomies));
• the duration of ICU stay (time, in hours, from
admission to discharge or death);
• re-intubation (yes ⁄ no);
• ICU mortality (yes ⁄ no).
Standard practice and the intervention
Standard weaning practice in the UK is commonly a
collaborative approach between doctors and nurses.
Directed by broad guidelines from medical staff, nurses
advance or delay the weaning steps according to the
patient’s response. In general, clinical judgement is used
to determine the best time to start weaning and,
thereafter, no formal guidelines for reducing support are
used.
In contrast, the study intervention was structured to
produce a behavioural change whereby the emphasis was
on ‘weaning will start unless there is a good reason not to’ rather
than the mode of weaning. The intervention consisted of
three elements: readiness to wean criteria (the daily wean
screen), guidelines for reduction in ventilatory support, or
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T-piece trials (the weaning protocols) and a weaning plan.
For all patients meeting the inclusion criteria, the bedside
nurse assessed the patient’s readiness to wean on a daily
basis before the morning ‘round’ using the first eight
objective criteria listed on the daily wean screen (see
Table 1). The clinical condition of the patient meeting
the criteria was discussed on the morning round with the
ICU consultant to determine whether the patient’s
underlying indication for mechanical ventilation had
resolved or significantly improved (ninth criterion); if
so, weaning was initiated. Due to the diverse patient
population, four weaning protocols were developed to
reflect the various ventilatory modes used in the inter-
vention unit (Table 1). The choice of protocol depended
upon the ventilatory mode the patient was currently
receiving at the time of the decision to wean. For
example, if the patient was receiving pressure support
ventilation, then the bedside nurse followed the guide-
lines for stepwise reductions in pressure support. The
patient progressed along the weaning protocol unless they
met any of the predetermined respiratory fatigue criteria
(Table 1), whereupon weaning stopped and support was
increased. Re-initiation of weaning occurred the follow-
ing morning if the patient once again met the readiness to
wean criteria. For each patient, a daily plan was written
up, inserted in a plastic cover and attached to the patient’s
ventilator to aid communication with all members of the
ICU team.
Data collection
For all participants the following characteristics were
recorded:
• age, gender and body mass index (BMI);
• diagnosis;
• admission Acute Physiological and Chronic Health
Evaluation (APACHE) II score [11];
• the mode of mechanical ventilation used prior to
beginning the weaning process.
Patients recruited were prospectively followed until
they were discharged from, or died in, ICU. The
individual involved in data collection (BB) was not
involved in patient care.
Table 1 Daily Wean Screen and the weaning protocols.
Daily Wean Screen Respiratory rate < 30 bpm
PaO2 ⁄ FiO2 ratio > 20
Systolic blood pressure > 90 and <180 mmHg
Temperature < 38.4 C
Arterial blood pH >7.3
Haemoglobin > 7.0 g.dl)1
Positive end expiratory pressure (PEEP) < 5 cmH2O
Spontaneous tidal volume >5 ml.kg)1
Underlying indication for mechanical ventilation resolved or significantly improved
Synchronised Intermittent
Mandatory Ventilation
(SIMV) Protocol
Patients following this protocol normally commenced from a set rate of 10–14 bpm, PEEP of 5 cmH2O and
pressure support (PS) of 12–15 cmH2O
The ventilatory rate was subsequently decreased by 2–4 bpm every 2–4 h.
Patients who met weaning fatigue criteria had their ventilatory rate increased by 2 bpm increments until
parameters resolved
Patients tolerating SIMV of 2–4 (with continuous positive airway reductions in support following either
the PS or T-piece protocol
Pressure Support (PS)
Protocol
Patients following this protocol normally commenced with a PEEP of £5 cmH2O and PS 15–25 cmH2O
PS was reduced by 1–2 cmH2O every 2–4 h
Patients tolerating PS 10–12 cmH2O without fatigue commenced T-piece trials
Intermittent T-piece Trial
Protocol
Patients following this protocol normally commenced with a PEEP of £5 cmH2O and PS 10 cmH2O
Increasing periods (duration 15, 30, 60, 120 and 240 min) on the T-piece circuit with CPAP were repeated
during the day
Between periods, patients returned to their previous level of support
Extubation was discussed with medical staff if patients tolerated 4 h without fatigue
Biphasic Positive Airway
Pressure (BIPAP) Protocol
Patients following this protocol received a reduction in ventilator pressure (Pinsp) every 2–4 h until the Pinsp
minus PEEP reached 10–12 cmH2O
Patients then continued incremental reductions in support following the SIMV or PS protocols
Fatigue criteria Respiratory rate > 35 bpm (sustained)
Heart rate > 140 beats.min)1 (sustained)
SaO2 < 90%
Systolic blood pressure < 90 or > 180 mmHg
Arterial blood pH <7.28
Unco-ordinated chest movements
Presence of agitation, anxiety, diaphoresis, pain limiting weaning or ischaemic changes on electrocardiogram
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Statistical analysis
Based on data generated from a pilot study we estimated
that 188 patients would be required in each Phase for the
pre vs post comparison within the intervention unit to
provide 85% power to detect a 33.3% reduction in the
duration of mechanical ventilation at the 5% level of
significance (two-tailed). Qualitative variables were com-
pared using a Chi-squared test with odds ratios calculated
where appropriate. Quantitative variables which were
approximately normally distributed were compared using
Student’s t-test. The three quantitative outcome variables
(duration of mechanical ventilation, duration of intuba-
tion and ICU stay) were positively skewed and were
summarised using medians and interquartile ranges and
initially compared between Phases using the Mann–
Whitney U-test. Additionally, regression methods were
used to permit the adjustment of these comparisons for
covariates which, if distributed differently in the two
Phases in either unit, could result in confounding. Within
each unit the comparison was achieved by performing
multiple regression analyses using each of the three
logarithmetically transformed times as a dependent vari-
able with Phase as an independent variable. Adjustment
for the confounding variables, admission APACHE II
score category and diagnostic group, was achieved by
including them as categorical variables in the regression
model along with Phase. The coefficient for Phase in the
model therefore represents the difference between Phases
in the mean of the logarithmically transformed outcome
variables after taking account of any difference between
Phases in the distributions of APACHE II score and
diagnosis. These coefficients and their 95% confidence
limits were then anti-logged, permitting the comparison
of Phases to be expressed as the ratio of geometric means
with a 95% confidence interval [12] after adjustment for
confounders. All statistical analyses were carried out using
SPSS version 13.0 for Windows.
Results
Patient recruitment is summarised in Fig. 1. Character-
istics of patients in Phases I and II in the reference unit
were not significantly different (Table 2); however, there
was a significant difference in the distribution among the
four diagnostic categories and among the five APACHE
II score categories between patients in Phase I and Phase
II in the intervention unit (Table 3).
Main outcomes
In the reference unit (Table 4) there were no statistically
significant differences between Phases for duration of
mechanical ventilation, intubation or ICU stay either
before or after adjustment for confounders. Conversely
in the intervention unit, duration of mechanical ventila-
tion (p = 0.001), intubation (p < 0.001) and ICU stay
(p < 0.001) all increased in Phase II in comparison with
Phase I. Adjustment for APACHE II and diagnostic
category rendered the differences in duration of mechan-
ical ventilation and duration of intubation between Phases
I and II no longer statistically significant (p = 0.11,
p = 0.06), but the increase in ICU stay remained
statistically significant (p = 0.002).
In the reference unit, an apparent difference in
tracheostomy rates between Phases was not statistically
significant (Table 5). Although there was a decrease in the
mortality rate in this unit between Phases (16% vs 8%)
this did not reach statistical significance (p = 0.06). In
the intervention unit, there were no statistically signi-
ficant differences in mortality or reintubation rate
between Phases. There was, however, an increase in
tracheostomy rate in Phase II in comparison with Phase I
(49% vs 34%, p = 0.004).
Discussion
This study is the first from the UK to use a prospective,
controlled comparison of the effectiveness of weaning
protocols on patient outcomes. The findings fail to
support other studies (mainly North American) which
demonstrate a reduction in mechanical ventilation time
and ICU stay [3–5]. There may be a number of reasons
for this.
Randomised controlled trials demonstrating significant
reductions in mechanical ventilation times [3–5] based
their intervention on structured protocols vs ‘no weaning
unless directed’. The manipulation is bipolar in nature as
it represents two opposite ends of a continuum, making it
easier to detect differences. This type of manipulation is
clearly suited to the working environment in ICUs in
the USA where patients are managed by ‘attendings’ and
normally nurses do not progress treatment or weaning
without a medical order. In contrast, in our study, and in
much of the UK, there is often greater collaboration in
weaning between the ‘on-site’ ICU consultants ⁄ doctors-
in-training and nurses [13]. Nurses tend to be proactive
in reducing ventilatory support; however, this may vary
considerably with nursing experience. Additionally, in
UK ICUs, there is generally frequent medical review
during the day. The above arrangements were usual
practice for both ICUs in this study. The combination of
these factors may have resulted in the manipulation being
less bipolar than other studies, which makes this study
more clinically relevant to UK practice than some others.
ICU cultures and interprofessional working practices
may influence whether protocols demonstrate similar
or better outcomes when compared with usual practice
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Intervention unit Reference unit 
Admissions (n = 361) Admissions (n = 327) 
Not mechanically ventilated 13 
<18-years   13 
Died prior to entry  54
Enrolled other study  54
Transferred in  23
Transferred out  13
No consent                       5
Not mechanically ventilated 13 
<18-years   12 
Died prior to entry  70
Enrolled other study    1
Transferred in    8
Transferred out  19
No consent                       1
Not mechanically ventilated   4
<18-years     3 
Died prior to entry  50
Enrolled other study    4
Transferred in  15
Transferred out  11
No consent                       3
Not mechanically ventilated 36
<18-years   10 
Died prior to entry  67
Enrolled other study    4
Transferred in    7
Transferred out  16
No consent                       5
Eligible (n = 234) Eligible (n = 182) 
Lost to follow-up* 
(n = 48)
Analysed (n = 197) Analysed (n = 134) 
Phase II
Phase I
Admissions (n =444) Admissions (n =268) 
Eligible (n = 317) Eligible (n = 178) 
Analysed (n = 214) Analysed (n = 116) 
Lost to follow-up*
(n = 37)
Lost to follow-up*
(n = 103)
Lost to follow-up*
(n = 62)
Protocolised-weaning introduced 
Not eligible (n = 127) Not eligible (n = 90) 
Not eligible (n = 145) Not eligible (n = 127) 
Figure 1 Flow of patients through the study. *Patients ‘Lost to follow-up’ were discharged prior to obtaining relatives’ assent for
participation.
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[4, 5]. In the study by Kollef and colleagues [4], protocols
had the least effect in the unit where weaning was
traditionally delegated to nurses; in fact, weaning times
were 7.9 h longer using the protocol, in keeping with the
trend we observed. Marelich and colleagues [5] also
reported no reduction in mechanical ventilation time
in one of their units that already had a standardised
multidisciplinary approach to weaning. Thus while
protocols can be useful for streamlining practice and
reducing variability where this exists, they may not
necessarily affect outcomes positively in units where good
communication already exists and where standardised
practice is already internalised, even if it is not written
down.
It is unlikely that the significantly longer ICU stay in
the intervention unit was due to the introduction of
protocolised weaning. The protocols focused on early
identification of readiness to wean and reduction in
ventilatory support; and between Phases there was no
statistically significant difference in the duration of
intubation following adjustment for confounders. The
protocols did not include extubation or discharge criteria.
Further analysis of the data showed that the time from
extubation to discharge from ICU was significantly longer
in Phase II than in Phase I in the intervention unit
(p < 0.001) and remained significantly longer after
adjustment for APACHE II category and patient diag-
nostic category (p < 0.001). It follows that the increased
length of stay in Phase II in the intervention unit is
entirely due to an increase in the time between extuba-
tion and unit discharge. The reason for this is not clear.
It is interesting to note that there was a statistically
significant increase in tracheostomy rate in the interven-
tion unit during Phase II and there was a similar trend in
the reference unit. This may reflect a change in trach-
eostomy practice over time, common to both units.
Tracheostomy was not controlled as part of the study, but
was left to clinical judgement in individual cases (i.e. usual
unit practice) in both Phases. The increase in the
proportion of neuro-trauma patients in the intervention
unit in Phase II may also be relevant.
In the intervention unit, the increase in duration of
mechanical ventilation and duration of intubation
between Phases I and II can be accounted for by the
differences in the distribution of diagnostic groups. In
comparison with Phase I, Phase II had fewer elective
surgery patients and more emergency surgery patients in
Phase II. There were also more trauma patients admitted
in Phase II. It is worth noting that in the intervention
unit, the number of patients discharged prior to obtaining
Table 2 Characteristics of patients in Phases I and II in the
reference unit. Values are number (%) or mean (SD).
Reference Unit (n = 250)
Phase I
(n = 134)
Phase II
(n = 116) p value
Gender; M 74 (55%) 54 (47%) 0.19
Age; years 62.7 (16.6) 65.3 (14.7) 0.21
Body Mass Index 25.1 (8.1) 22.9 (4.5) 0.06
Admission APACHE II score 0.60
< 10 7 (5%) 3 (3%)
11–14 22 (16%) 19 (16%)
15–19 31 (23%) 35 (30%)
20–24 34 (25%) 24 (21%)
> 24 40 (30%) 36 (31%)
Diagnostic category 0.44
Elective surgery 13 (10%) 9 (8%)
Neurosurgical 1 0
Other 12 9
Emergency surgery 30 (22%) 18 (15%)
Neurosurgical 0 0
Other 26 14
Trauma & head injury 0 1
Trauma 4 3
Respiratory failure surgical 35 (26%) 31 (27%)
with COPD* 30 25
without COPD 5 6
Respiratory failure medical 56 (42%) 58 (50%)
with COPD 21 34
without COPD 23 22
neurological (non-operative) 12 2
neurodegenerative 0 0
*COPD, chronic obstructive pulmonary disease.
Table 3 Characteristics of patients in Phases I and II in the
intervention unit. Values are number (%) or mean (SD).
Intervention Unit (n = 411)
Phase I
(n = 197)
Phase II
(n = 214) p value
Gender; M 118 (60%) 129 (60%) 0.66
Age; years 55.1 (19.1) 52.3 (18.3) 0.14
Body Mass Index 24.7 (4.7) 25.1 (4.7) 0.48
Admission APACHE II score 0.03
< 10 10 (5%) 24 (11%)
11–14 53 (27%) 70 (33%)
15–19 77 (39%) 57 (27%)
20–24 35 (18%) 35 (16%)
> 24 22 (11%) 28 (13%)
Diagnostic category < 0.001
Elective surgery 45 (23%) 17 (8%)
Neurosurgical 5 10
Other 40 7
Emergency surgery 91 (46%) 124 (58%)
Neurosurgical 35 37
Other 21 24
Trauma & head injury 25 33
Trauma 10 30
Respiratory failure surgical 28 (14%) 25 (12%)
with COPD* 25 21
without COPD 3 4
Respiratory failure medical 33 (17%) 48 (22%)
with COPD 17 25
without COPD 7 11
Neurological (non-operative) 7 11
Neurodegenerative 2 1
*COPD, chronic obstructive pulmonary disease.
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patients’ ⁄ relatives’ assent was much larger in Phase II
(n = 103) than in Phase I (n = 37) (see Fig. 1). It is
tempting to speculate that during the training period
between Phases I and II a change in weaning practice was
achieved, and thus patients may have been weaned and
discharged earlier, precluding availability of relatives to
give assent.
Our study has several limitations. First, it was not
feasible to conduct a randomised controlled trial because
of the problems of likely contamination caused by nurses’
engagement in both experimental and control arms of the
intervention. As a result, changes in ‘usual practice’ over
time, or differences in the patient population may have
influenced results. We attempted to control for some
changes using a parallel reference unit and, with respect to
pre- and post measurements of patient outcomes, used
regression-based analyses to allow for the adjustment of
covariates to minimise confounders. Second, the obser-
vation periods in the reference unit did not exactly match
those in the intervention unit because of the need for a
period of training in the intervention unit. However,
when the reference unit results were restricted to give
contemporaneous observation periods, the conclusions
were unchanged. Third, the weaning protocols used in
this study were based on weaning methods familiar to,
and accepted by, the ICU consultants in the intervention
unit. The protocols included the three most widely used
ventilatory modes in published studies [14, 15]. Although
two well-regarded randomised controlled trials [16, 17]
suggested that the SIMV mode (synchronised intermittent
mandatory ventilation) may lead to a longer duration
of the weaning process, subsequent systematic reviews
[14, 15] concluded that there was no evidence of superior-
ity for any ventilatory mode as a weaning strategy.
While there was ‘a possibility’ that multiple daily T-piece
trials and pressure support were superior to SIMV, the
confidence intervals on pooled estimates approached no
effect [15]. Butler and colleagues [14] suggested that it
may be the manner rather than the mode of weaning
which influences (weaning) outcome. Commenting on
the effects of protocolised weaning on duration of ICU
stay, Cooke and colleagues [15] concluded that ‘…the
generalisability of these findings is not likely universal;
protocol-directed weaning may be superior in some
circumstances for some patients, but probably not for all
protocols and all physicians in all settings’.
This study supports the above conclusion and also the
suggestion within the data presented by Kollef and
colleagues [4] and Marelich and colleagues [5] that the
effect of protocolised weaning is influenced by the pre-
existing practice and culture into which the protocol is
introduced. Alternative weaning protocols may have
produced different results. Nevertheless, this remains to
be demonstrated in ICU practice within the UK.
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